Discontinuous release of bone morphogenetic protein-2 loaded within interconnected pores of honeycomb-like polycaprolactone scaffold promotes bone healing in a large bone defect of rabbit ulna.
The choice of an appropriate carrier and its microarchitectural design is integral in directing bone ingrowth into the defect site and determining its subsequent rate of bone formation and remodeling. We have selected a three-dimensional polycaprolactone (PCL) scaffold with an interconnected honeycomb-like porous structure to provide a conduit for vasculature ingrowth as well as an osteoconductive pathway to guide recruited cells responding to a unique triphasic release of osteoinductive bone morphogenetic proteins (BMP) from these PCL scaffolds. We hypothesize that the use of recombinant human bone morphogenetic protein 2 (rhBMP2)-PCL constructs promotes rapid union and bone regeneration of a large defect. Results of our pilot study on a unilateral 15 mm mid-diaphyseal segmental rabbit ulna defect demonstrated enhanced bone healing with greater amount of bone formation and bridging under plain radiography and microcomputed tomography imaging when compared with an empty PCL and untreated group after 8 weeks postimplantation. Quantitative measurements showed significantly higher bone volume fraction and trabecular thickness, with lower trabecular separation in the rhBMP2-treated groups. Histology evaluation also revealed greater mature bone formation spanning across the entire scaffold region compared with other groups, which showed no bone regeneration within the central defect zone. We highlight that it is the uniqueness of the scaffold having a highly porous network of channels that promoted vascular integration and allowed for cellular infiltration, leading to a discontinuous triphasic BMP2 release profile that mimicked the release profile during natural repair mechanisms in vivo. This study serves as preclinical evidence demonstrating the potential of combining osteoinductive rhBMP2 with our PCL constructs for the repair of large defects in a large animal model.